This study looked into the way in which Singapore implemented the use of information technology in its schools. It adopted a process framework in using the diffusion approach to study the issue. Instead of focusing primarily on the outcome of adoption it also looked at context and actors' dimensions. The study found that the communication process was persuasion-oriented instead of interaction-oriented as intended by the new communication model. The communication process was outcome-oriented; communication was pro-innovationbiased and the message preoccupied with persuasion. Little room was given for the active interpretation of recipients and involvement of the recipients in planning. The study found that the practical operation of the two-way communication model was limited by the inherent topdown approach of the diffusion approach. It also found that the integration of IT into lessons was best achieved by granting autonomy to the schools.
INTRODUCTION
To prepare Singapore for its next phase of development, the Republic's government embarked on a plan in the early 1990s, called IT2000, to use information technology resources throughout the country (Kuo et al., 1990) . One of the lynchpins in the plan was education, specifically, the need for computer literacy. The IT Masterplan was developed in April 1997 by the Ministry of Education to revolutionize the learning environment. This masterplan was ambitious: it aimed not only to teach computer literacy and information technology but also to use the capabilities first, to enhance linkages between the school and the world around it, and then to encourage creative thinking, generate innovative processes in education and promote administrative and management excellence in the education system. This research studied how school principals and teachers made use of technology under the pilot phase of the masterplan for education. In a variation from the classical diffusion approach, the study focuses on the process of implementation rather than the outcome of adoption.
AIM
This research was motivated by the dearth of formative research in the implementation process of IT on the one hand, and the massive scale of implementation of IT on the other. Research on IT in education is dominated by the techno-determinist perspective that romanticizes the effects of IT on education (Hawkridge, 1983; Papagiannis et al., 1987) . Schools rush to technology as ' [they] feel that they must have technology to be up-to-date' (Ely, 1995: 4) . In the United States, total public K-12 instructional technology expenditures for 1993 were estimated at $2.13 billion (Office of Technology Assessment [OTA], 1995) . Other European countries are spending hundreds of millions on IT in education (All schools to be fitted, 1997) .
Despite the tremendous sums spent on computers for education, the results proved less than satisfactory. In the US, there was no significant improvement in students' grades after years of implementation of educational technology (McKenzie, 1995; Oppenheimer, 1997) . Research suggests that technology did not have a major impact on schools principally because schools tended to resist it (Sheingold et al., 1981) . Further, many assumptions about the use of computers and their influence on learning were questionable (Papagiannis et al., 1987; Stoll, 1995) . Other survey data indicated that students hardly experienced a revolutionary experience from IT (Becker, 1990) . Kulik et al.'s (1983) review showed that the size of the effect of CBI (Computer-based Instruction) varied from study to study.
This study looks at the Singapore situation. At the time of the study, the masterplan was being piloted. Most research into IT in education has tended to be summative, looking at anecdotal or testimonial program evaluation and concerning program outcomes (Lieberman, 1985; Papagiannis et al., 1987) . This study aimed to be summative of the pilots (to the extent possible given that the trials were continuing even as the report was being completed) and to use the results for formative inputs.
IT PUSH: A REFLECTION OF TECHNOLOGY ORIENTATION Just as the 'magic bullet' theory of the media was assumed in development communication (Melkote, 1991) , so the propagation of IT is assumed to be critical in today's modern development. It is assumed that communication and media are central to all development activities (Kumar, 1994) . The effective way to promote development is the application of technology-based communication.
Radio and television were seen to be functional in promoting the development in the 1960s and 1970s. However, this dominant paradigm took a back seat in the late 1970s when critics pointed out that the real problem of underdevelopment might lie in structural constraints instead of a lack of communication infrastructure. Ironically, from the early 1980s onwards, new communication technologies such as computers were again endowed with the 'awesome' task of bringing revolutionary changes to society (Williams et al., 1988) . Seen in this light, the penetration of computers into the education arena can be considered as old wine in a new bottle as it is underpinned by the same rationale as the mass media (Jayaweera and Amunugama, 1987; Papagiannis et al., 1987) .
It has been argued that the dominant paradigm never really passed (Ang and Dalmia, 2000; Kumar, 1994) . There was a revival of Rogers' diffusion approach, as new technology is propagated as a tool for quickening the pace of development. The following section reviews the classical diffusion approach in light of the problems of existing research of IT in education and to introduce the research questions of the study.
THE CLASSICAL DIFFUSION APPROACH REVISITED
Linear approach -a narrow focus on outcomes Diffusion research has focused mainly on the dissemination process of the innovation from a top-down perspective (Ghani, 1988) . The top-down bias in diffusion has its root in the transmission model of communication: Sender-Message-Channel-Receiver. The transmission model stresses sender power and control over recipients. The predominant focus of the diffusion approach thus becomes the outcome of adoption, whether people adopt or reject an innovation (Windahl et al., 1992) .
The orientation of communication as a transmission of information, and communication as persuasion, was transferred to fields such as agricultural Tang & Ang: The Diffusion of Information Technology extension, education and public relations (Melkote, 1991) . Research questions were framed in the form of simplistic educational goals such as short-term cognitive goals. (Papagiannis et al., 1987: 54) . Little formative evaluation, also called 'in-process' research, is made to steer the progress of the program. ERIC (Educational Resources Information Center, http://www.eric.ed.gov) has published fewer than 40 articles on the evaluation of technology each year since 1980 (McKenzie, 1995) .
Passive recipients
The pro-innovation bias in the diffusion approach favours the source over the receivers. The source is considered to be faultless, and any anomaly in the diffusion process is attributed to the stubbornness of the receivers. This approach influenced a dichotomous categorization of respondents into the persuasive and recalcitrant (Melkote, 1991) . Receivers are mainly conceptualized as a passive audience, a vulnerable target of the persuasive messages. By assuming that individuals will carry out the innovation faithfully in the way intended by the change agent, the issues of differences in usage and interpretation by the receivers were largely ignored.
Technological innovation has often been implemented with the assumption of a passive or silent audience. Studies showed that teachers were often overlooked while implementing technology in schools (Dalin, 1978; OTA, 1995) . On the other hand, research found that technology has not changed the way that educators do their work; its impact was limited to improvement in hardware equipment (Hathaway, 1990) . Many teachers did not use it in the manner prescribed (Cohen, 1988) .
Neglect of context
As the diffusion of innovation concerned itself mainly with the rate of adoption, the attendant research has focused primarily on the perceived attributes of an innovation and the adopters' characteristics. The preoccupation with these attributes and characteristics has pointed diffusion research towards 'individual blame' rather than 'system blame' (Melkote, 1991; Rogers, 1995) . As a result, diffusion research largely ignored the social-structural constraints to change. As Rogers himself acknowledged, 'Compared to other aspects of diffusion research, there have been relatively fewer studies of how the social structure of system affects the diffusion ' (1995: 25) . Attempts were made to persuade people without checking if the prerequisites for that change were met (Melkote, 1991) .
Research has shown that technological innovations work in some schools and not others because of contextual factors (Cohen, 1988) . The complexity of the educational enterprise and other social, economic and organizational factors are largely neglected in the haste to promulgate computers in education (Papagiannis et al., 1987) . For all the promise of IT in education, New Media & Society 4(4) the US is facing a problem in applying it, because of the incompatibility of technology with existing school structures and classroom practices (Means, 1994) . This suggests that, while technology may have the potential to improve learning and teaching, this process does not occur automatically.
BRIDGING THE GAP From effects to process
The emphasis on outcomes is reflected in the fact that communication scholars have placed too much emphasis on the question of effects of the media (Williams et al., 1988) . The historical development of mass communication has been characterized by the move from the powerful effects to the minimal effects and now a return to the powerful effects school of thought (DeFleur and Dennis, 1988) . A major imperative for shifting the direction of communication research in the 1980s was the interactive nature of the new media. No new media can be effective without a successful implementation sequence. An important research consideration thus becomes the implementation process of the new media (Williams et al., 1988) . It is thus clear that with the rise of new communication technology, the missing element in the earlier 'effect-oriented' model -the process of how people employ the technology -is relocated. Process is a crucial explanation for variation in technological outcomes. The implementation process will determine the ways in which, and the extent to which, computers are used in schools (Shahrom bin Shahdan, 1994) .
From the sender to the receiver The shift from 'effects' to 'process' signifies a shift in emphasis from the sender to the receivers in the communication process. A receiver-centred paradigm was proposed by White (1983) , who suggested that the activity of the receiver and their socio-cultural conditions are far more important than the ability of the sender to influence the receivers (Heeter, 1989) . Rogers, in his later work on innovation (1995), recognized the need to understand the motivation of the recipients for adoption, a need little explored by diffusion researchers.
From the medium to context
As research on media effects have yielded mixed and often disappointing findings, researchers have proposed to look instead at how individuals use the media (Rayburn, 1996) . Increasing attention has been paid to structural factors and historical contexts of communication systems and there is a rise of serious work in this area (Rogers and Chaffee, 1983; Windahl et al., 1992) . According to Dervin (1994) , effects-oriented researchers who formerly focused on psychological states are reaching out to introduce structural considerations. Indeed, Rogers (1995) 
Synthesis -research framework
The study proposes to use the process framework to overcome the bias of the classical diffusion approach. The process framework is conceptualized in terms of two kinds of communication processes, which are: 'communication' with technology (how the schools and teachers deal with the new technology) and communication with the sender (how the innovation is communicated).
'Communication' with technology
The pro-innovation bias in the classical diffusion approach ignores the possibility of an alternative interpretation of the innovation by the receivers. In his later work, Rogers (1983) recognized the 'process' elements in diffusion research, which were conceptualized as 're-invention', the degree to which an innovation is changed/modified by users in the process (Rogers, 1983: 175) . According to Rogers (1995) , the innovation is either reinvented to accommodate the organization's needs, or the organization's structure is modified to fit with the innovation -a mutual adaptation perspective.
However, in framing change in terms of a bi-directional change, Rogers' perspective ignores other possible types of reactions from the recipients. For example, McLaughlin (1990) identified different systematic reactions to innovations that vary from the status quo, such as co-optation and nonimplementation. Further, this perspective on change assumes power on the part of the recipients and their competence to change the innovation to fit their needs, which might not be so in the case of a top-down innovation.
Thus to address the inadequacy of the redefining stage, the issues of how schools and teachers perceive the technology and how they adjust, are then conceptualized as a form of 'communication' with technology. 'Communication' here deviates from the conventional definition of a monolithic and mechanistic input-output process, but refers to an active construction of meaning among recipients of a technology (Dervin, 1989) . The conventional mechanistic view of communication has neglected how the recipients actively construct the meaning of the messages (Dervin, 1989; Mowlana and Wilson, 1990) . Specifically, in examining the communication process with technology, this study explored process variables such as the planning rationale, perceived priority and compatibility of IT, factors considered and problems encountered.
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Communication with the sender The communication between the sender and the recipients in defining the innovation has been a 'black box' in diffusion research, as the diffusion approach has primarily focused on the persuasiveness of messages in changing the receivers' behaviour. Many diffusion scholars have conceptualized the diffusion process as a one-way persuasion process (Rogers, 1983: xvii-xviii) . In recent years, diffusion studies have begun to acknowledge that there are some forms of negotiation in the diffusion process (Ghani, 1988; Rogers and Kincaid, 1981) .
This study focuses on the communication process between the sender and the recipients, especially the feedback structure, to examine the two-way communication. It also examines the message conveyed and the strategy used by the sender, a neglected area in the classical diffusion approach because of its bias towards media effects (Melkote, 1991) .
The examination of two-way communication between the sender and recipients was also aimed at illuminating the social structure that affects innovation -been inadequately addressed in Rogers' network analysis (1977 Rogers' network analysis ( , 1995 -that claims to restore the structural considerations to diffusion approach. By focusing on the communication relationships of the recipients in affecting the diffusion flows, the network approach still confines itself to the inherent assumption of 'recipient-blame' in the classical diffusion approach, excluding other macro factors such as the government direction (Melkote, 1991) .
In sum, the focus of the classic diffusion research has been: 'Who are most likely to adopt what under what conditions?' This present study proposes to use the process framework to overcome the existing biases of the 'linear effects' model. It asks how and why an institution/individual responds to an innovation. In other words, this research focuses on what is being done with IT (implementation) rather than what IT has done (consequences).
RESEARCH QUESTIONS
The central concern of the study is how recipients react and respond to IT. With the launch of the IT Masterplan, the focus is on how schools and teachers deal with it. There are thus two research questions to the study: (1) how do schools respond to the IT masterplan? And (2) how do teachers respond to the IT masterplan?
METHOD
The research design of the diffusion approach has been dominated by the post hoc one-shot survey design that obscures the history and process of adoption. A qualitative method is required to overcome the effectsorientation in the classical diffusion approach; in-depth interviews were Tang & Ang: The Diffusion of Information Technology used. To complement and validate interview data, documents such as memoranda, proposals, progress reports and news clippings were collected.
To maximize the diversity of information gathered, six out of the 22 pilot schools were chosen based on school autonomy and ranking, because high autonomy and high ranking are positively related to implementation success (Becker, 1985; Bucko, 1995; Havelock and Huberman, 1978; Kao et al., 1995) . Therefore, schools with high autonomy and high ranking were hypothesized to implement the IT plan faster and more successfully than those with low autonomy and low ranking.
There are different types of schools in Singapore, ranging from government schools to independent schools. Independent schools are given autonomy in staff deployment and curriculum development, whereas government schools have to adhere closely to the curricula and syllabus. In the Singapore education system, schools are ranked based on the students' academic performance.
• Table 1 
Primary school -for school children between 6-12 years of age. This is the equivalent of elementary school in other countries. Secondary school -for school children between 12-16 years of age. This is the equivalent of middle school in some countries. Junior colleges -for school children between 16-18 years of age. This is a two-year course that prepares students for the university and in fact the program is sometimes known as 'pre-university' as well.
Legend H -Highly ranked schools. Their aggregate scores of public examination are above the national average. M -Average ranked schools. Their aggregate scores of public examination are close to the national average. L -Lowly ranked schools. Their aggregate scores of public examination are below the national average. G -Government schools. They receive 100% funding from the government and adhere closely to the curriculum and syllabus. GA -Government-aided schools. They receive 95% funding from the government and have some autonomy in making decisons on enrichment programs. A board of governors, which may comprise former students, runs them. Usually, they are religious or missionary in origin but today are similar to government schools. I -Independent schools. They enjoy autonomy in staff deployment and managing salaries, finances, organizational affairs and curriculum. The government subsidizes up to 80% of their building fund, while the board of governors have to raise the remainder through school fees, alumni and other means. They have to fulfil the basic national education policy, but they can introduce other external subjects approved by the Ministry of Education.
The research interest of the study lies in the exploration of responses from two contrasting group of users, the enthusiastic and the less enthusiastic, to garner deeper insights to the issues raised. The study chose IT committee members to represent teachers who are very enthusiastic about IT, in line with the hypotheses of the diffusion approach that people who are younger and more skilled are more enthusiastic about IT. It was practically impossible to locate unenthusiastic teachers for the study. Further, a proposal to conduct an attitudinal survey about teachers' enthusiasm was unanimously rejected by the principals. Therefore, the eventual selection of these teachers was entirely on, first, the recommendation of the IT heads of department (HODs), secondly, the teachers' willingness to co-operate, and thirdly, the teachers' availability. Efforts were also taken to ensure that there would be a good mix of subjects taught by different teachers. In total, 24 interviews were carried out. These included the principals, IT HODs, two teachers from all the six schools, two assistant directors and a senior IT instructor from ETD (Educational Technology Division) who were in charge of the implementation in primary schools, secondary schools and junior colleges respectively.
Government officials were interviewed on the message conveyed, the feedback structure, the planning rationale and formulation process of the plan. Meanwhile, the school principal and IT HOD were asked to describe the formulation of the school IT plan, specifically the rationale for the decision made and the priority of different aspects of implementation. Teachers were asked about their understanding of IT lessons and perceived compatibility of the IT plan with pedagogical practices and students' learning process. Finally, data on teachers' usage, including changes made and their problems in using IT were gathered.
RESULTS
The results are presented in two categories, communication with the sender (how the IT masterplan was communicated) and 'communication' with the technology (how the schools and teachers respond to the IT plan). A summary of the findings is shown in Table 2 below.
Communication with the sender
The communication process between the ministry and schools and teachers was characterized by a lack of feedback and various communication gaps. There was one formal dialogue session once every four to six month for the principals and IT HODs. It was the ETD which took the initiative to obtain feedback and the recipients were reported as having little feedback initiative. The main agenda item of feedback was the technical aspects of implementation such as submitting the plan for the placement of the equipment and the number of teachers to be trained.
Tang & Ang: The Diffusion of Information Technology
The main message conveyed to principals and teachers was that they should use IT as a tool for the survival need of the nation. Principals were told to function as salespersons to sell the IT-based lessons (the product) to teachers; teachers, in turn were told to make a bold start in experimenting with new things despite their problems. Not surprisingly, schools felt that there was a sudden influx of events and responsibilities from the ETD. Meanwhile the ETD felt that the schools did not understand the constraints of the ministry. In the communication between the school administration and teachers, there were in general little feedback initiatives from teachers to the school administration. Also, the feedback from the schools was usually generated post-decision and not pre-decision.
Message conveyed
Three major themes were identified in the philosophy of IT usage. First the concept that IT was to be seen as a tool, specifically to enhance teaching and learning. Secondly, IT should be integrated into existing government initiatives such as national education and thinking programs. In the US, the OTA identified integration as the important component in ensuring effective technology implementation (OTA, 1995) . Thirdly, IT should prepare students for the workforce. At the primary school level, the message communicated to teachers was essentially concerned with mere usage of IT lessons. At the secondary school and junior college level, the message revolved around convincing teachers of the necessity and importance of IT. The emphasis of message is 'value-addedness' -how IT can enhance their lessons.
'Communication' with the technology Schools' response to the IT plan The IT plan in most schools studied followed the overarching philosophy framework of the IT masterplanintegration. The concern of meeting the target of integrating IT into the curriculum was apparent in all schools, with varying emphasis at different school levels. The approach was more top-down in primary schools. Unlike the IT HODs in both secondary schools and junior colleges, IT HODs in primary schools could interfere with the goals set by the HODs of academic subjects and had the authority to order teachers to carry out IT lessons.
In the primary schools, teachers were allocated a time-slot to use the computer laboratory to teach IT lessons. The principals of both secondary schools did not allocate a specific time-slot for lab-use to teachers; however, a minimum number of IT lessons had to be conducted by teachers. In the junior colleges, teachers need only use IT in lessons in so far as they were willing and able to do so.
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Beside the concern to meet the target, there was a different priority of implementation aspects at different levels. The school IT plan in both primary schools revolved around installation of equipment and acquisition of software. At the secondary schools and junior college level, the focus was on the human factor. However, the evaluation mechanism in most schools focused on teachers' skill levels and quantity of IT usage. The common response from the schools was that the speed of implementation was too fast. This was especially so for primary school teachers, who felt that the ministry pushed the pace for the schools. While the schools perceived the pace of change as unrealistic, the ETD felt that the implementation schedule of three to five years was a realistic period if schools were not to lag behind.
One of the pronounced problems encountered by most of the schools, particularly the primary and secondary schools, was the delay in the installation of infrastructure. Another common problem was the teachers' difficulties in adjusting to the technology. A common problem faced by the IT HODs at all levels of education was the lack of clear definition of their responsibilities. Most felt pressured by the heavy workload.
Nonetheless, in all schools, the priority of IT was still subjected to the needs of the school, especially the achievement of good academic grades. IT lessons were usually scheduled in non-exam periods and were nonexaminable.
Teachers' response to the IT plan At all levels, the main responsibility of teachers in the school IT plan was to apply IT in their teaching. There was more teacher involvement in secondary schools and junior colleges than in primary schools. An IT lesson, as defined by the ministry, is a creative combination of both the traditional teaching method and IT resources to achieve instructional objectives. However, there are divergent interpretations at different levels among different teachers with different competence. Two patterns were observed. First, in defining an IT lesson the primary schools were primarily concerned with the usage of IT, whereas the secondary schools and junior colleges tended to spell out the philosophy and rationale of IT usage. Secondly, across all the three levels, the IT committee members used IT to promote student-centred learning whereas less enthusiastic teachers used IT as an accessory to the traditional teaching methods: IT was used as a multi-purpose presentation tool in place of cassette players and overhead projectors. The commonest use of IT was for word-processing. In the primary schools, IT was mainly used for demonstration purposes in the beginning, followed by individual or group work using worksheets. At the secondary school and junior college levels, IT lessons were couched in terms of group work that promotes collaborative learning and project work.
The salient finding was that both the IT committee members and the non-IT committee members ranked the need to achieve good grades above Tang & Ang: The Diffusion of Information Technology the use of IT. Other major considerations for the use of IT included the need to complete the syllabus and the time available. Nearly all the respondents defined the main problem of using IT in terms of technical and structural problems. At all levels, time constraint was the dominant problem brought up by teachers. 'Just-in-time' help was most widely cited by the teachers across the three levels as their greatest need for smooth adoption.
DISCUSSION AND ANALYSIS
Most of the useful information for the study came from the interview data. It was not possible to collect substantial progress reports and memoranda, as most schools did not have a consistent record of the implementation process. Upon further enquiry, it was found that the memoranda and progress reports were prepared mainly for the perusal of the ministry. The schools submitted progress reports and memoranda according to its specific requirements. IT teachers filled out a form on the number of IT lessons that they had taught. It was also found that most teachers were too caught up in teaching IT and existing subjects; they hardly had time to write down what they intend to teach and how they teach. Arguably, writing the progress reports and memoranda served more as a form-filling routine than as a planning tool.
• The lack of written documentation and the rationale behind it may well explain the emergence of issues such as the pace of implementation and the reluctance of teachers to fully integrate IT into the lessons. These issues are discussed in more detail below.
The process framework revisited
Communication with the sender Despite the professed emphasis on autonomy and bottom-up communication in the Singapore implementation experience, the study found a remarkable resemblance between the Singapore experience and the mode and assumptions of the classical diffusion approach discussed above.
Communication between sender and recipients was essentially top-down. Three distinct features of the communication process between the government and the schools were: outcome orientation, an emphasis on attitude over structural constraints and limited autonomy. The study found that the operation of a two-way and participatory approach was handicapped by the pro-innovation bias in the diffusion model.
Outcome-oriented
The communication was outcome-oriented in that the recipients were expected to adopt the innovation. In communicating the message to the schools, the ETD focused on using various methods to encourage greater use of IT in schools. Principals and teachers were told to use IT as a tool for the survival need of the nation. A logic of inevitability of IT was woven into the message.
The classical diffusion model was limited by the narrow role it accorded to feedback as feedback was aimed at modifying the message, not the program (Kearl, 1976) . The data indicated that the purpose of feedback inclined more towards facilitating the effective operation of the government policy, rather than soliciting response of a felt need.
Attitude vs. structure Secondly, there was an overemphasis on attitudinal factors rather than structural factors. The communication was pro-innovation biased and the message was preoccupied with persuasion. While the ETD focused on persuading teachers to use more IT-based lessons, the schools and teachers faced structural constraints in implementing IT. The problem lay in the different emphasis of attributes in the change agent. What the recipients (teachers) looked for was the competence of the IT instructor, but what the sender focused on was the pedagogical experience of the IT instructor.
The assistant directors thought of themselves as being credible as they were selected for their strong pedagogy (at least five years of teaching). This focus on using ex-teachers as change agent to persuade teachers has its root in the classical diffusion approach, whereby change agents often recruit people from the local population who are more homophilous (homogenous) with the people they are trying to reach (Rogers, 1993; Severin and Tankard, 1992) . However, the teachers said that they did not have much confidence in the senior IT instructors; some felt that the senior IT instructors seemed to take all the credit in helping teachers when in fact most teachers were coping on their own and learning from their peers.
While focusing on changing the attitudes of teachers, the sender (ETD) underestimated the practical problems in conducting IT lessons. An assistant director said one of the biggest problems they faced was infrastructural, which was least expected.
Limited autonomy Thirdly, there was little room for the active interpretation and involvement of recipients in planning. In brief, the communication process was persuasion-oriented instead of interactionoriented, as recommended by the new communication model.
The autonomy given to the recipients was framed in the expectation of the sender -working towards a target within a specific period. The schools were expected to reach 10 percent of integration of IT into the curriculum in the first year and within this target, teachers were expected to teach a certain amount of IT lessons.
Although principals were told they had high autonomy in implementing the IT plan, they did not have identical levels of autonomy; the independent school had more autonomy than the government schools. Despite such differences, the schools were told to abide by the guidelines given. Further, the ETD actively monitored the progress of each school's IT plan. This stemmed from their assumption of the recipients that 'nobody would do anything if they are left alone'. The IT HODs in primary and secondary schools sensed the 'hidden pressure' to adopt the options given by the ETD.
'Communication' with technology
The dominant planning philosophy of the IT plan communicated was integration. Did Singapore schools integrate technology into the existing school practice, and if they did, in what form and what purpose did it serve? The issues will be discussed from two levels, school planning and teachers' usage.
School Planning of IT -Integration? According to the 'mutual adaptation' view, in an educational innovation both the original innovation and the school change to accommodate each other (Chen, 1985; McLaughlin, 1984; Yin and White, 1985) . Prima facie, the ETD's approach adopts the mutual adaptation to educational innovation as flexibility is New Media & Society 4(4) allowed for both the schools and technology to accommodate to each other. However, closer analysis shows otherwise.
The notion of integration was operationalized in two aspects: infrastructure and curriculum. A fixed computer-to-teacher/student ratio and a percentage of infusion of IT into the curriculum were goals to be achieved by a certain time. Schools and teachers were expected to adjust and change to meet the target rather than changing the innovation to fit the needs of the schools.
Meanwhile, most schools tended to separate the needs of schools from the IT plan: on paper, they said that IT would be integrated into the curriculum; in operation, the achievement of good grades (the predominant concern of Singapore schools) superseded the goals stated in the IT masterplan. Most schools saw the IT Masterplan as an external initiative: to meet the target of IT lessons, they scheduled these lessons in non-exam periods and made them non-examinable. This suggests that integration at the schools' level was directed more at the quantity rather than the quality of IT use.
How schools integrated IT was found to depend on first, the extent of autonomy given, and their prior involvement in technology. The focus on the quantity of IT use was most pronounced in primary schools, which had the least autonomy among the schools. The focus on quantity of IT usage was reflected in their evaluation mechanism.
Further, schools with a longer history of IT use had better integration of IT with the needs of the schools. In Xinmin Primary School, IT was used to help students weaker in subjects such as English, Maths, Tamil, etc. At Chinese High School, IT was positioned as a revolutionary tool to transform the school to be a world-class secondary school.
Myth of a local innovation model
The Singaporian approach to the IT masterplan aimed to centralize the infrastructure and training while leaving the details to the schools. The rationale is to allow different local innovation models to emerge from different schools. Success factors would then be school-bound. Prima facie, such a model resembles the features of the multiplicity paradigm (Servaes, 1995) where the independence and participation of local communities empower them to tailor development projects to meet their own objectives.
In the study, although schools were chosen for their different autonomy levels and academic rankings, much uniformity in implementation prevailed except for one independent secondary school that had the greatest school autonomy among the sample.
School autonomy
The factor of 'school autonomy' per se had no direct impact on the implementation process. However, it correlated with the amount of autonomy given by sender, which had a direct impact on the implementation process.
Schools have varying degrees of autonomy. Independent schools have the most autonomy, followed by government-aided schools, then government schools. The principal of the independent school said that the ministry left the school alone and the school did not bother with the guidelines given. As a result, there was more teacher involvement and decentralized planning in the independent school. Although government-aided schools have greater autonomy than government schools in daily operations, in the area of IT they were not given more autonomy than government schools by the sender. The principal of the government-aided school perceived the direction and guidelines as providing alternative viewpoints, and the decisions would be made through an open and collaborative relationship with the ministry. The autonomy in this context is a relative concept, as it is negotiable and contingent upon the approval of the sender.
Still, there were guidelines for all schools to follow. The ETD maintained an active involvement in monitoring the progress of schools' IT plan. This stemmed from their assumption of the recipients that 'nobody would do anything if they are left alone'. It shows that the operationalization of the autonomy was constrained by the sender's agenda. This situation is reflected in the hidden pressure examples sensed by the IT HODs in the primary and secondary government schools to adopt the options given by the ETD.
Academic ranking
It was expected that there would be differences in implementation between higher ranked schools and lower ranked schools. However, the study found negligible difference because the infrastructure and the target of IT infusion were the dominant factors in shaping the school IT plan.
Further examination of these differences indicates the influence of other more pronounced factors such as 'prior involvement in technology'. For example, the independent secondary school (higher ranked) had a more ambitious IT plan than the government-aided school (lower ranked). This is because the independent secondary school had used IT for 10 years and so it desired to be the pace-setter in IT, in line with its vision to be a worldclass secondary school. On the other hand, the lower ranked primary school, who had been the pioneering leader in IT for other primary schools, had a more extensive plan to integrate IT in all subjects than the higher ranked primary school. Also, at the micro level in terms of teachers' usage, both the IT committee members and teachers said that the compatibility of subject with New Media & Society 4(4) IT was a more dominant factor in determining the amount of IT use than the academic standing of students.
There were negligible differences in planning approaches and philosophies arising from the different school contexts. Most schools followed an overarching philosophy of increasing IT use. As the infrastructural provision and training had been centralized, the school IT plan was reduced to the technical details of implementation, revolving around lesson scheduling and installation of physical infrastructure. Further, the teachers' usage of IT did not present too many variations either. In sum, little room existed for the local innovation model of the implementation of IT in schools.
The absence of schools' participation in formulating the conceptual framework of the IT masterplan indicates a top-down instead of a multiplicity approach. The main contribution of schools in the formulation process was in terms of the pilot project, which was in essence a test-bed for what has been planned. Indeed, the pilot projects in secondary schools catered mainly to Secondary 1 students and proved to be a failure.
Integration: means vs. end Did teachers use IT in the curriculum as a means or as an end? Two inconsistencies were observed. Teachers were told, on one hand, to shift their paradigm of teaching because IT was hailed as a revolutionary tool to transform existing teaching approaches. On the other hand, teachers were also told to incorporate IT into the existing teaching approaches. In public, IT was promoted as fostering critical thinking. Teachers were encouraged to use IT even though that particular use may not encourage thinking. The environment that teachers were placed in teaching IT-based lessons crowded out the thinking from them.
First, the evaluation mechanism of the IT plan tended to emphasize the quantity instead of quality of use. Each school was asked whether they achieved the intended target but they were left to define what an IT lesson was. Such an open-ended definition of IT lessons allowed some schools to report success in meeting the target of IT integration into the curriculum. For example, some schools included PowerPoint slide presentations as IT lessons when the ETD had stated that they were not to be considered as IT lessons. In all schools, the IT HODs had little knowledge of how teachers used IT in the classroom; principals in the primary schools said that they did not know whether teachers went to the lab at the intended hour.
Secondly, teachers were not prepared to work out the qualitative aspect of IT usage. This may be due to the inexperience of both the teachers and the trainers (instructors). There is an inherent 'irrationality' in the pace and structure of the training session. The IT instructors were to teach the teachers how to teach IT lessons when the instructors themselves had just Tang & Ang: The Diffusion of Information Technology learned it from a short course. While picking up the basic operation skills of IT, teachers were required to use IT to teach immediately. In other words, both trainer and trainee were learning and teaching simultaneously. The irony is that in both situations, the recipients (trainees) sometimes had more expertise than the senders (trainers).
In sum, while the promises of the IT masterplan are couched in terms of encouraging creative thinking and lifelong skills, the integration of IT, national education and thinking remains much to be desired. Despite its problems in implementing the IT masterplan, several lessons can be gleaned from the Singapore experience.
Strengths of the Singapore model First, the centralized approach in implementing the IT plan speeds up the establishment of the infrastructure and ensures equality at the initial period. In the US a gap of IT resources may arise between a rich and a less wellto-do school because of the lack of centralized provision (OTA, 1995) . In other countries, the set-up process can take as long as five years, by which time the initially-identified need would have changed. Secondly, the model is premised on the theme of national survival. Teachers were told that the students, and in turn the nation, will lose out if they do not use IT to teach. This theme provides powerful justification of the massive investment of IT in education. Another unique feature of the model is its implicit emphasis on meeting targets, which helps to speed up the adoption process.
Limitations of the study The major limitation of this research lies in the inherent weaknesses of qualitative methods. The data rely mostly on the self-report of the respondents. The validity of the data would have been enhanced had the researcher been allowed to participate in the school IT committee meetings and to observe the IT-based lessons.
Because of the scope of this study, the operationalization of the process framework was not as comprehensive as intended. Further studies are also needed to examine the pattern of utilization among the students to provide a complete picture of the implementation reality. Also, micro-contextual and personal factors were sacrificed at the expense of providing a macro picture of both the communication and adjustment process of an innovation. There is also the question of whether the Singapore socio-political culture of having top-down policies dilutes the validity of the case. In this project, however, the officials were aware of this possibility and made a special effort to take a more bottom-up approach.
New Media & Society 4(4) CONCLUSION Implications for diffusion theory The findings challenge Rogers' recent revision to the diffusion theorywhere he points to a mutual adaptation of both the organization and the innovation (1983, 1995) . He calls this the reinvention stage. In the current study, no phenomenon of mutual adaptation was observed as the infrastructural provision and training were centralized. The school IT plan was reduced to the technical details of implementation -how to break down the goals in a sizable target. Diffusion of an innovation may therefore not necessarily lead to 'mutual adaptation', as suggested by Rogers. External factors may impinge on mutual adaptation. The remarkable consistency between the 'communication with the sender' and the 'communication with technology' indicates the overriding influence of the top-down communication factor over technological factors in shaping the way in which schools and teachers interact with technology. The findings highlight the potential impact of the communication factor, an area taken for granted by the diffusion theory, in influencing the implementation outcome. The findings suggest that what is communicated about the innovation has a greater impact on the perception and usage of the recipients than the characteristics of the innovation itself, as suggested by diffusion theory.
The diffusion approach assumes that recipients are recalcitrant. However, the study found that recipients were more likely to face structural instead of attitudinal problems. This suggests that teachers should not be considered as 'recalcitrant recipients' but as 'structurally constrained participants'.
The lack of horizontal communication among the schools and between IT committee members and teachers questions the assumption of the diffusion approach, that people would naturally diffuse an idea to another. The lack of time was singled out as the main cause of the absence of sharing. This study thus argues that the S-curve of adoption as espoused by the diffusion approach may not naturally take place without the presence of a diffusion-sympathetic structure. By focusing on individual subjective perceptions, this current research expands the scope of diffusion study to consider the less obvious variables in shaping the direction of implementation.
